BIOLOGY: S. M. SIEGEL 11 We are grateful to Professor F. W. Went for his kindness and co-operation in making the space available to us. 12 It is interesting to note that this is the second instance in which a Qio of less than 1.0 has been reported for the length of the period in a rhythmic process. Bfihnemann found that the rhythm of sporulation in Oedogonium had a period of longer length at higher temperatures.
reported for the length of the period in a rhythmic process. Bfihnemann found that the rhythm of sporulation in Oedogonium had a period of longer length at higher temperatures.
13 E. N. Harvey (personal communication) has recently suggested a model based on similar assumptions. We are not of the opinion that the intracellular reactions which are involved in rhythmicity and the temperature-compensation mechanism are as simple as those we have suggested. They are used merely for illustrative purposes. It does not seem worthwhile at the present time to suggest a more elaborate model, in the absence of more specific biochemical information. We would guess, however, that the chemistry of rhythmicity will be shown to involve a heterogeneous system rather than a homogeneous one.
CATALYTIC AND POLYMERIZATION-DIRECTING PROPERTIES OF MINERAL SURFACES BY S. M. SIEGEL BIOLOGICAL LABORATORIES, UNIVERSITY OF ROCHESTER
Communicated by James Bonner, July 15, 1957 Recent years have seen an extension of our knowledge of how organic chemical compounds may have been synthesized in preorganismal times. Urey's interpretation of chemical and physical data pertaining to planetary evolution' has provided the major stimulus for such work. Miller has demonstrated the ease with which synthesis of amino acids and other organic compounds can be effected in gas mixtures.2 This paper deals with a possible mechanism of polymerization of such compounds. Polymerization in simple aqueous medium has but a low probability. Bernal3 has suggested that clays might act as adsorbing catalytic surfaces. In the present work it will be shown that in certain instances rock and mineral surfaces can act as catalytic materials for polymerization reactions.
In earlier work on the synthesis of lignin it was shown that during the enzymatic peroxidation of eugenol, lignin is formed only when the reaction system includes an appropriate matrix such as cellulose, methylcellulose, or pectic acid. 4 It has now been found that several mineral silicates can serve as matrices for the formation of lignin-like products which are, however, different from those formed in the presence of polysaccharides.
METHODS
Exposed surfaces of all rocks and minerals used were removed and specimens treated successively with hot chloroform, ether, hot methanol and ethanol, cold dilute HC1, and boiling water.. To provide a check on aromatic contaminants, washings were scanned for ultraviolet-absorbing substances between 220 and 380 mIA (Beckman Model DU spectrophotometer with silica absorption cells). Initial washings sometimes yielded absorbancies as high as 0.05, but later washings were free of such contaminants.
Rocks and minerals were used as individual pieces 1-3 cm.' in volume and 8-10 cm.2in area. Irregular surfaces of fibrous minerals were greater in area but of the same order of magnitude, and the extensive internal surface of the pumice used was not measured.
Procedures for analysis of reaction products included (a) solvent fractionation followed by ultraviolet absorption measurements and color tests (HCl-phloro- Oxidative Polymerization of Eugenol.-In the previous work on lignin formation, the enzyme peroxidase was used to catalyze the peroxidation of eugenol. In the present experiments, combined heat and pressure replace the enzyme.
In a representative case, three reaction mixtures, each containing eugenol and water, were maintained at 1280 C., 5 atmospheres pressure, for 3 hours. One tube contained no mineral, a second tube contained 70 mg. of chrysotile (serpentine), and in the third, 50 mg. of chrysotile was suspended in the pressure bomb. After pressure reaction, the water-insoluble products were isolated and analyzed.
A eugenol polymer will be considered lignin-like if it is insoluble in chloroform and ethanol; soluble in dioxane, ethanol-1 per cent HCI, or both, gives a red-to-magenta color with phloroglucinol-HCI, and exhibits an ultraviolet absorption peak in the 275-280 mys range or in the region of 315 mu. The results (Table 1) show that the presence of chrysotile alters the array of products formed from eugenol and water during incubation at 1280 C. and 5 atmospheres pressure. A lignin-like polymer is indeed formed when the mineral is present. This material is not formed in the absence of chrysotile.
In other experiments eugenol and hydrogen peroxide were allowed to react at 250 C., 1 atmosphere pressure, in the presence of various minerals. Polymer formation in such cases assumed a pattern different from that described above. After a reaction time of 100 hours, some unused eugenol remained. Yields of polymer were small, but dioxane-soluble fractions were conspicuous in amount. The minerals used as catalysts, present in the reaction mixtures as single pieces weighing 400-500 mg., were extracted repeatedly with hot chloroform and ethanol until all soluble material with absorption in the 260-290 m/A region had been removed. Dioxane-soluble products were then extracted and examined for their lignin-like properties (ultraviolet absorption, color reactions). The data of Table 2 show that calcite and quartz fail to catalyze the production of lignin-like material from eugenol. Pumice and muscovite, on the other hand, are highly active. Chrysotile, hornblende, muscovite, and pumice are similarly able to catalyze the production of lignin-like material from eugenol. The dioxane-soluble materials formed from eugenol in the presence of pumice yield, on analysis, C 60.5 per cent, of pigment development. Development of color in controls lacking mineral was light, their absorbancy remaining at less than 0.2 after 75 hours. Absorbancy of reaction mixtures containing biotite, quartz, or pumice was equal to or slightly less than that of the control mixtures. Reaction mixtures containing other minerals, however, formed dark brown materials which could be precipitated by saturation of the system with NaCl at 500 C. (Table 3) . Such precipitates could not be re- Catalytic Decomposition of Peroxide.-During the course of the experiment described above, it was noted that the oxidation rate curves in the presence of the several minerals, chrysotile in particular, attain asymptotic values abruptly. This suggests an unexpectedly rapid depletion of reactants. In order to discover whether the presence of minerals hastens H202 decomposition, reaction mixtures of H202 and various minerals were incubated at 250 C. and residual peroxide determined periodically. Chrysotile and other minerals do, in fact, catalyze the decomposition of peroxide (Table 4) . Calcite, graphite, and quartz also possess this ability to some degree. The kinetics of the decomposition process may be first order, as is the case with chrysotile (and in the case of catalyase), or second order, as is the case with hornblende. Hydrolysis of Glucose-i-phosphate.-Mineral surfaces appear to be able to catalyze still further types of reactions. Thus certain minerals catalyze the hydrolysis of glucose-i-phosphate. Glucose-i-phosphate (6 Lmoles/ml.) was incubated with 550-600-mg. samples of mineral for 140 hours at 750 C. Free phosphate was determined calorimetrically during the course of the incubation. Control reaction mixtures containing no mineral yielded 10 ± 2 per cent hydrolysis of glucose-1-phosphate during the experimental period. In the presence of chrysotile, hydrolysis was increased to 25 A 1 per cent. Other rocks and minerals, including calcite and garnet, as well as granite, were unable to catalyze this hydrolysis.
The hydrolysis which takes place in the control reaction mixtures would appear also to be in part catalytic and, in fact, catalyzed by the glass walls of the reaction xressel. Thus reaction mixtures in which Teflon vessels were substituted for glass exhibited virtually no hydrolysis (< 1 per cent) during the entire reaction time.
DISCUSSION
The above experiments indicate that mineral surfaces not only are capable of catalyzing the formation of lignin-like polymers but also exhibit varied further catalytic properties. No single mineral among those tested above is pre-eminently superior to all others in all activities, although chrysotile possesses a high level of versatility. It would appear unlikely that the catalytic activities are due solely to the presence of iron or other metal ions, since, if this were the case, it would be expected that a single order of decreasing catalytic effectiveness would hold true for all types of reactions. This is not the case, as indicated by the data of Tables 2,  3 , and 4. Individual minerals exhibit a sort of substrate specificity. Whether such selectivity is applicable to all samples of the same mineral is not known.
It is proposed that the present data may be considered as evidence for product specificity of mineral catalysts. The first-formed product of a catalytic process, often a free radical, would appear to be able to react in different ways according to the crystal structure and composition of the individual mineral. It will obviously be of interest to extend these observations to possible catalytic participation of mineral surfaces in the polymerization of amino acids and nucleotides as well as to other types of chemical reactions.
SUMMARY
Eugenol, catechol, and phenylalanine were subjected to heat and pressure or exposed to H202 in the presence of various rocks and minerals, including chrysotile, granite, micas, calcite, and others. In the presence of chrysotile, eugenol-water mixtures form an array of products, including lignin-like polymers, at 1280 C., 5 atmospheres pressure. These products are different from those formed in the absence of mineral. At 250 C. the three phenols form different products on different mineral surfaces. These brown salt-precipitable catechol derivatives vary in spectral properties and in elementary composition according to the mineral upon which they are found. Phenylalanine is oxidized to a brown insoluble product in the presence of an appropriate mineral. This oxidation, as catalyzed by chrysotile, appears to involve extensive hydroxylation. Mineral surfaces also catalyze the decomposition of H202 and the hydrolysis of glucose-i-phosphate.
The mildness of the conditions used, as well as the use of natural minerals as catalysts, make the present work relevant to problems of chemical transformation under early terrestrial conditions and provide an experimental approach to biopolymer genesis in the prebiological stage of evolution.
It is well known that in molecules such as ethane (CHa-CCH3) one part of the molecule can rotate relative to the other part about the single bond (here C-C) joining the two halves. This phenomenon has considerable importance; for instance, it permits the coiling and uncoiling of protein molecules and other polymers. It has also been known1 for some time that this internal rotation is not free but is hindered by a potential energy barrier of a magnitude beyond theoretical expectations. Various hypotheses have been put forward concerning the origin of these forces, but no satisfactory conclusion has been reached.
Recent developments in microwave spectroscopy and the related theory2'-10 have provided powerful new tools for the study of this phenomenon. For a certain class of molecules it is now possible to obtain values of the potential barrier with an accuracy of 5 per cent or better, and with much greater certainty than was associated with older methods. Further, the structure and interatomic distances can be obtained and the equilibrium orientation of the rotating groups, as well as other detailed information mentioned below.
Current theories of the forces between atoms suggest a number of types of interaction which could possibly account for the observed barriers. All these forces are of course fundamentally electrostatic interactions among the electrons and nuclei involved. Eyring""12 and collaborators early made a quite detailed attempt to find the origin of the barriers by means of the quantum-mechanical approximations then available, but without success. Recently Mason and Kreevoy'3 and also van Dranen14 have made new estimates of the importance of the van der Waals repulsion between the attached groups, a repulsion which appears between separate gas molecules at close distances, due to overlap of the charge clouds and quantummechanical exchange. At somewhat longer distances than occur in most examples of hindered rotation, this repulsion should be replaced by a weak attraction due to inductive and dispersion effects.
The separate atoms and chemical bonds in a molecule will surely interact, due to the direct electrostatic force between the charge distributions, even if there is no important contribution from overlap, exchange, dispersion, or induction. If the electron distribution were known, this term could be calculated with purely classical
